Aims. This work aims at investigating the characteristics of the molecular gas associated with the nebula G18.8+1.8, linked to the Wolf-Rayet star HD 168206 (WR 113), ant its relation to other components of its local interstellar medium. Methods. We carried out molecular observations of the 12 CO(J = 1 − 0) and (J = 2 − 1) lines with angular resolution of 44 ′′ and 22 ′′ using the SEST telescope. Complementary NANTEN data of the 12 CO(1-0) line were also used. The dust emission was analyzed using Spitzer-IRAC images at 8.0 µm, and WISE data at 3.4 µm, 4.6 µm, and 12.0 µm. Results. The SEST data allowed us to identify a molecular component (Cloud 3) having velocities in the interval from ∼ +30 to +36 km s −1 which is most probably linked to the nebula. Morphological and kinematical properties suggest that Cloud 3 constitute a wind-blown molecular half-shell, which expands around WR 113. The ratio R 2−1/1−0 and excitation temperatures indicate that the molecular gas is being irradiated by strong UV radiation. The location of the inner optical ring in the outer edge of Cloud 3 suggests that the stars SerOB2-1, -2, -3, -63, and -64 are responsables for the ionization of Cloud 3 and the inner ring nebula. A comparison between the spatial distribution of the molecular gas and the PAH emission at 8 µm indicates the existence of a PDR between the ionized and the molecular gas. A search for candidate young stellar objects (YSOs) in the region around G18.8+1.8 based on available 2MASS, MSX, IRAS, and Spitzer-IRAC catalogs resulted in the detection of about sixty sources, some of them projected onto Cloud 3. Two small spots of clustered candidates YSOs are projected near the outer border of Cloud 3, although a triggered stellar formation scenario is doubtful.
Introduction
Most massive star formation in our Galaxy occurs in Giant Molecular clouds (GMC) where, in general, the star formation is developed in groups like stellar clusters or OB associations. These groups can contain hundreds of OB stars, including massive young stellar objets (MYSOs) and evolved massive stars. Since OB associations directly influence the evolution of their environs, it is important to study how this interaction occurs in different interstellar environments. Massive stars interact with the interstellar medium (ISM) through their intense ultraviolet (UV) radiation field (hν > 13.6 eV) and via strong stellar winds. UV photons ionize the surrounding gas creating Hii regions and dissociate the molecular gas originating photodissociation regions (PDRs), while the second mechanism alters the structure of Hii regions sweeping up the circumstellar material and creating interstellar bubbles (IB) (Cappa et al. 2005) .
Ser OB2 is a rich OB association located at RA, Dec.(J2000) ≃ (18 h 18 m 00 s , -11
• 36 ′ 36 ′′ ), at a distance of 1.9 ± 0.3 kpc (Forbes 2000) , about 70 pc above the Galactic plane. Forbes (2000) performed a very interesting spectrophotometric study of this association and analyzed its connection to a narrow column of hot gas emerging from the Hii region Sh2-54 perpendicularly to the Galactic plane, known as the thermal "chimney" (Mueller et al. 1987) . From the original set of stars (∼500) taken for the analysis, only 107 were considered to be probable members of Ser OB2 (see Table 5 from Forbes ⋆ Member of Carrera del Investigador, CONICET, Argentina 2000). Ser OB2 contains a number of massive stars including the eclipsing binary system CV Ser (Massey & Niemela 1981) , the Of-type binary HD 166734 (Conti et al. 1980) , the O-type multiple star HD 167971 (MY Ser ; Leitherer et al. 1987) , and the O5.5Vf star HD 168112.
Our aim in this paper is to investigate the existence of molecular gas in the environs of CV Ser and other posible members of Ser OB2 based on high angular resolution SEST observations performed in the 12 CO(1-0) and 12 CO(2-1) lines, complemented with medium angular resolution CO (1-0) data from the NANTEN telescope and infrared images in the mid infrared (MIR).
Background of CV Ser and its close environs
The brightest component of CV Ser is the Wolf-Rayet star WR 113 (≡ HD 168206, WC8d+O8-9IV, van der Hucht 2001) . Table 1 summarizes the main parameters of WR 113: coordinates, spectral classification, visual absorption A v , spectrophotometric distance, mass loss rateṀ, and terminal velocity v ∞ . Gonzalez & Rosado (1984) discovered a double optical structure of 4 ′ and 9 ′ in radius around the WR star and suggested that the outer ring, which is poorly defined, was formed by the WR star or its massive progenitor and is presently being photoionized by the O5.5Vf star HD 168112 (at RA, Dec.(J2000) = (18 h 18 m 40.8 s ,-12
• 06 ′ 23.4 ′′ ), also belonging to Ser OB2 and located to the southwest of the ring nebula. Esteban & Rosado (1995) observed the inner ring in [Nii] λλ6548,6584, [Sii] λλ6717,6731, Hα λ6563, and Hβ λ4861. They determined that the velocity of the ionized gas is in the range [∼+27,∼+39] km s −1 , which corresponds to a kinematical distance of 2.0 ± 0.2 kpc, according to circular galactic rotation models (e.g. Brand & Blitz 1993) . A similar velocity of +27 km s −1 was found from radio recombination lines by Lockman (1989) . Esteban & Rosado (1995) concluded that photoionization is the main source of excitation of the inner ring, being the WR star the main responsible. Following the classification by Chu (1991) for WR ring nebulae, they classified the inner nebula as R s type, because it does not present evidence of expansion and its morphology is shell-structured.
The left panel of Fig. 1 shows a superposition of the IRAC images at 8.0 µm (in red) and 5.6 µm (green), with the Hα emission (blue) of the ring nebula linked to CV Ser. The strong emission at RA, Dec.(J2000) = (18 h 18 m 00 s ,-11
• 44 ′ ) corresponds to the Hii region Sh2-54. The bright filament to the west and south of the binary system, which is indicated by the cross symbol, corresponds to the inner structure of 4 ′ in radius. This structure displays strong emission both in the Hα line and in the mid infrared.
The right panel of Fig. 1 displays the radio continuum emission distribution at 1465 MHz, as observed by Cappa et al. (2002) using the Very Large Array (VLA) in DnC configuration with a synthesized beam of 30 ′′ . The radio continuum source was first identified as G18.8+1.8 by Goss & Day (1970) at 2.7 GHz. The high angular resolution VLA data allowed to detect radio counterparts of both the inner and outer rings. Adopting a distance of 2.0 ± 0.6 kpc, Cappa et al. (2002) obtained ionized masses and electron densities of 20 ± 10 M ⊙ and 180 -500 cm −3 , respectively, for the inner shell, and 90 M ⊙ and 40 cm −3 , respectively, for the outer shell. From the IR-radio continuum relation, they confirmed the thermal nature of the nebula. Adopting a ra- Conti & Vacca (1990) , (e) Esteban & Rosado (1995) , ( f ) Nugis & Lamers (2000) , (g) Leitherer et al. (1997) , (h) Lamontagne et al. (1996) , (i) Koesterke & Hamann (1995) , ( j) Nugis et al. (1998). dius R s = 2.3 pc for the inner ring and an expansion velocity v exp = 5 -10 km s −1 , the derived dynamical age t d = (1.3 -2.5) × 10 5 yr suggests that the inner shell originated in the action of the stellar wind of the current WR phase. A search for OB stars within a region 12 ′ in size centered on the WR star indicated that other excitation sources are present in this region in addition to the binary system. Ser OB2-1,-2, and -3 are confirmed members of the OB association, while Ser OB2-63, and -64 are potencial members (see Table 5 from Forbes 2000) . Their coordinates and (B-V) and (U-B) colors are listed in Table2.
In our study, in agreement with Forbes (2000) , we adopt a distance of 2.0 ± 0.6 kpc. This value is also in agreement with the cataloged distances of the WR star (see Table 1 )
SEST observations and complementary data
High angular resolution 12 CO(J = 1→0) and 12 CO(J = 2→1) data at 115 and 230 GHz, respectively, were obtained with the 12 CO spectra were taken towards the inner ring and its environs. The observed positions are indicated by crosses on the VLA image (Fig. 1, right panel) .
The spectra were reduced using the CLASS software (GILDAS working group) 1 . The line intensities are expressed as main-beam brightness temperatures T mb , by dividing the antena temperature T * A by the main-beam efficiency η mb , equal to 0.72 and 0.57 at 115 and 230 GHz, respectively (Johansson et al. 1998) . The angular resolution of the 12 CO(2-1) and 12 CO(1-0) spectra, the velocity range, the original velocity resolution, the velocity resolution after smoothing, and the typical rms noise temperatures are listed in Table 3. 12 CO(2-1) and 12 CO(1-0) data cubes were constructed using AIPS software.
Complementary 12 CO(1-0) data obtained with the 4-m NANTEN millimeter-wave telescope of Nagoya University were used to investigate the large scale distribution of the molecular gas in a large area including SerOB2 and the WR star. The halfpower beamwidth was 2.
′ 6. The 4K cooled SIS mixer receiver provided typical system temperatures of ≈ 220K (SSB) at this frecuency. The acoustoptical spectrometer (AOS) provided a velocity coverage range of 100 km s −1 and a velocity resolution of 1.0 km/s.
The distribution of the IR emission was analyzed using Spitzer images at 5.6 and 8.0 µm from the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (Spitzer-GLIMPSE, Benjamin et al. 2003) 
The characteristics of the molecular gas

Spatial distribution
Aimed to detect the molecular gas possibly linked to the ring nebula, we have inspected the data cubes of the 12 CO(2-1) and 12 CO(1-0) lines obtained with SEST. The 12 CO(2-1) and 12 CO(1-0) spectra averaged within the surveyed region are displayed in Fig. 2 . Carbon monoxide emission higher than 5 rms is detected between +18 and +37 km s −1 . Three molecular components are noticed within the mentioned velocity interval, peaking at ∼ +20 km s −1 , ∼+ 28 km s −1 , and +34 km s −1 . In Fig.  3 (left panels) we show the spatial distribution of the molecular gas in the velocity ranges from +18.6 to +22.2 km s −1 (Cloud 1), from +25.8 to +28.9 km s −1 (Cloud 2), and from +30 to +36.8 km s −1 (Cloud 3) obtained from SEST data. CO intensities are expressed as main-beam brightness temperature averaged within the selected velocity intervals. The cross indicates the position of the WR star. In order to illustrate the large scale distribution of these molecular clouds, the molecular emission in the same velocity ranges as obtained with the NANTEN data is shown in the right panels of Fig. 3 , superimposed onto the DSSR image.
Cloud 1 is elongated in the north-south direction with its brightest emission at RA, Dec.
The NANTEN image shows that this cloud is projected onto the western border of the optical nebula and has a very small angular extension. Using the analytical fit to the circular galactic rotation model of Brand & Blitz (1993) along l ≈ 20
• we derived for Cloud 1 near and far kinematical distances of about 2 and 14 kpc, respectively. Bearing in mind the lack of morphological agreement with the optical nebula and its small angular size, we believe that Cloud 1 may be a background object, unrelated to the star and the ionized regions. A distance as far as ∼ 14 kpc can not be ruled out.
Cloud 2 displays a very clumpy morphology. Although it encircles most of the optical nebula, it shows no clear
Fig. 3. Left panels:
12 CO (1-0) emission distribution maps corresponding to Cloud 1 to 3 obtained with the SEST data. For Cloud 1, the grayscale goes from 0.2 to 2 K, and the contour levels are from 0.3 K (∼ 4.5 rms) in steps of 0.3 K. For the case of Cloud 2, the grayscale goes from 0.2 to 0.25 K, and the contour levels are from 0.3 K (∼ 4 rms) in steps of 0.3 K. For Cloud 3, the grayscale goes from 1 to 8 K, and the contour levels goes from 1 K (∼ 20 rms) in steps of 1 K. The cross indicates the position of the WR star. Right panels:
12 CO (1-0) emission distribution maps corresponding to Clouds 1 to 3 obtained with the NANTEN data (contours), superimposed onto the DSSR image (grayscale). The dashed rectangles at the center of the field indicate the area of the SEST images at the left. . Cloud 2 matches with regions lacking optical emission towards the northern, western and southwestern sectors of the nebula. An inspection of the middle right panel of Fig. 3 clearly indicates that Cloud 2 extends well beyond the area surveyed with SEST and NANTEN, which suggests that this cloud is part of a giant molecular cloud (GMC).
The molecular emission of Cloud 3 appears mostly located in the region of the optical nebula. The bulk of the molecular gas is concentrated in an elongated feature extending from between RA, Dec.
. At lower declinations, this feature is shifted toward the east, encircling the position of the WR star. The size and morphology of Cloud 3 is in excellent agreement with the optical nebula. The NANTEN image corresponding to Cloud 3 shows that the bulk of the molecular gas of this cloud coincides with of the optical nebula and does not extends beyond the region surveyed by the SEST data.
The large extent of Cloud 2 and the morphological coincidence with a region lacking optical emission towards the north and west of the nebula speaks in favour of an interpretation in which Cloud 2 is a foreground object with respect to WR 113, or is placed at almost the same distance. On the other hand, the good morphological correspondence of Cloud 3 with the inner optical nebula around WR 113 suggests that this structure is physically related to the ionized ring nebula. It ought to be pointed out that along this galactic longitude, considering mean radial velocities of about ∼+27.5 km s −1 and ∼+35.5 km s −1 , the galactic velocity field of Brand & Blitz (1993) (see their fig. 2b ) along l ≈ 20
• predicts near kinematical distances of 1.8 ± 0.5 kpc and 2.3 ± 0.5 kpc for Cloud 2 and Cloud 3, respectively. Uncertainties in these distances were obtained adopting random motions of ±6 km s −1 (Burton & Gordon 1978) . Keepeing this in mind an interpretation in which Cloud 3 is behind Cloud 2 can not be ruled out. Nevertheless, from the present data we cannot either confirm or deny a physical relation between Cloud 2 and the optical nebula. Based on the above, from here onwards we shall concentrate on the analysis of Cloud 3,which is the only cloud clearly associated with the optical ring nebula around WR 113.
In order to better characterize the kinematical properties of Cloud 3, in Fig. 4 a collection of images depicting the CO(1-0) spatial distribution in the velocity range from +28.9 to +36.9 km s −1 is shown. Every image displays the CO emission averaged over a velocity interval of ∼0.9 km s −1 (three individual smoothed channel maps). The CO emission distribution shown in Fig. 4 (in contours) is projected onto the DSSR image of the optical nebula (greyscale). The velocity interval of the individual images is indicated in the lower right corner. In the velocity interval from +29.8 to +32.5 km s −1 the bulk of the molecular emission is concentrated towards the center of the optical nebula and is projected onto the region of relatively faint emission between the stellar position and the bright optical filaments. This coincidence suggests that the faint optical emission observed towards the center of the nebula arises from ionization of photodissociated molecular gas. The VLA image also shows low radio continuum emission in this area, indicating the presence of ionized gas. From +32.5 km s −1 the molecular gas develops an arclike morphology, which is better noticed at velocities between ∼ +34.3 and +35.2. This morphology remains at 36.0 km s
where is still noticed as a hollow patchy anular feature.
3.2. Ratio R 2−1/1−0 and excitation temperature A powerful tool that help us to determine the physical conditions of molecular clouds is the R 2−1/1−0 ratio. Sakamoto et al. (1997) classified the molecular gas in three categories: "very high ratio gas" (VHRG, corresponding to 1.0 < R 2−1/1−0 < 1.2), " high ratio gas" (HRG, for 0.7 < R 2−1/1−0 < 1), and " low ratio gas" (LRG, for R 2−1/1−0 < 0.7). Values compatible with VHRG denote surfaces of dense clumps irradiated by strong radiation field and PDRs (Gierens et al. 1992) . In this case, excitation temperatures (T exc ) greater than 50 K and volume densities greater than 3×10 3 cm −3 are expected. Molecular gas with R 2−1/1−0 ≃ 1.3 is observed toward Hii regions (Castets et al. 1990; Sakamoto et al. 1994) , which heat its surrounding molecular dense gas. Ratios in the range 0.7 to 1.0 are usually observed in central regions of giant molecular clouds where CO emission originates in collision processes (Castets et al. 1990 , Sakamoto et al. 1994 ). This material is characterized by T exc 20 K and n H 2 1 × 10 3 cm −3 . Finally, R 2−1/1−0 < 0.7 is observed in the outer envelopes of giants molecular clouds. These values are consistent with gas subthermally excited, with T exc ≤ 10 K and densities n H 2 < 1×10 3 cm −3 . To probe the surface conditions of Cloud 3, we will analyze the T exc -distribution obtained from the CO(1-0) line, assumed to be optically thick. Fig. 5 shows the spatial distribution of the ratio R 2−1/1−0 obtained for Cloud 3 in grayscale, where T mb (1−0) dv (order-zero moments) were obtained using AIPS package.
The T exc distribution of the 12 CO line can be obtained from (Dickman 1978) , where T peak is the peak temperature of the 12 CO(1-0) line, T * = hν/k, with ν the rest frequency of the 12 CO(1-0) line, and J ν (T ) = (exp(T * /T ) − 1) −1 . We adopt a background temperature T bg ∼ 2.7 K. Using this equation, assuming Gaussian profiles for the CO(1-0) line, and combining the order-zero moment map (i.e., integrated areas) with the order-two moment maps (i.e., velocity dispersion), we obtain the T exc distribution map, which is depicted in Fig. 5 with black contours.
An inspection of Fig. 5 shows values of R 2−1/1−0 between 0.5 and 1.2 along Cloud 3. It is worth to mention that values of R 2−1/1−0 higher than 1.2 in the border of the CO cloud can not be taken into account due to their large uncertainties. • 35. ′ 5 exhibit values of R 2−1/1−0 between ∼ 0.4 to ∼ 0.7, probably arising in spots of quiescent dark molecular gas. The rest of the molecular cloud shows higher values (between ∼ 0.8 and ∼ 1.1), which suggest that the molecular gas of Cloud 3 is being irradiated by an external UV field and might be indicative of the presence of PDRs along Cloud 3. A similar conclusion can be dropped from the T exc -analysis. Excitation temperatures of about ∼ 50 K are observed towards the brightest part of Cloud 3, which are higher than expected inside molecular cores if only cosmic ray ionization is considered as the main heating source (T ∼ 8 -10 K, van der Tak & van Dishoeck 2000) . Excitation temperatures of about ∼ 30 K are observed toward molecular clouds located at the edges of evolved Hii regions (bright rimmed clouds), which implies that additional heating processes, like photoionization, are present close to these clouds (Urquhart et al. 2009 ). We conclude that Cloud 3 is being externally heated through the photoionisation of its surface layers as a consequence of its proximity to neighbouring ionizing stars.
3.3. Physical parameters of the molecular cloud Table 4 lists the main physical parameters of Cloud 3, obtained from the 12 CO(1-0) observations. The table includes angular sizes, velocity ranges, systemic velocities, mean H 2 column densities, and molecular masses. Mean H 2 column densities were derived using the empirical relation between the integrated emission I CO (= T mb dv) and N H 2 . We adopted N(H 2 ) = (1.9 ± 0.3) × 10 20 I CO (cm −2 ) (Digel et al. 1996; Strong & Mattox 1996) . The total molecular mass was calculated using
, where m sun is the solar mass (∼ 2 × 10 33 g), µ is the mean molecular weight, assumed to be equal to 2.8 after allowance of a relative helium abundance of 25% by mass (Yamaguchi et al. 1999) , m H is the hydrogen atom mass (∼ 1.67 × 10 −24 g), Ω is the solid angle subtended by the CO feature in ster, and d is the distance. The mean volume density (n H 2 ) of Cloud 3 can be derived from the ratio of its molecular mass and its volume considering an approximately spherical geometry with a radious of about 2.3 pc.
IR counterparts and photodissociated regions
In Fig. 6 we show the mid infrarred (MIR) emission at 3.4 µm (blue), 4.6 µm (green), and 12.0 µm (red) in the region of the inner ring nebula. The 3.4 µm and 12 µm filters include prominent PAH emission features and the 4.6 µm filter measures the continuum emission from very small grains (Wright et al. 2010) . The emision at 12.0 µm resembles the observed emission at 8.0 µm (see Fig. 1 ). The emission at 4.6 µm is barely detected towards some stellar sources while the emission at 3.4 and 12 µm delineates clearly the inner optical ring. Fig. 7 shows the IR emission distribution from the Spitzer-IRAC 8.0 µm image (red), the optical DSS 2R image (blue), and the CO(2-1) contours over a field larger than the region surveyed with SEST. The emission in 8.0 µm, mainly originated in the strong 7.7 and 8. h 18 m 50 s . As we described in Section 1.1, the optical inner bright filament appears bordering the MIR emission. Fig. 7 also shows the diffuse optical emission north and south of the inner optical filament. Both emissions, optical and MIR, enclose the molecular cloud towards the south and west. The presence of PAH emission, which is typical of photodissociation regions (PDRs), at the interfase between the ionized and molecular gas suggests that the molecular gas is being photodissociated by the UV photons emitted by the massive stars (Vasquez et al. 2010) . For this reason and according to the morphology of the PAH features observed in Figs. 6 and 7, and the optical and molecular emissions (see Fig. 4 s which could be generated mainly by the action of the photo-dissociating far-ultraviolet (6 eV< hν < 13.6 eV) photons of Ser OB2-1,-2,-3,-63, and -64.
Star formation
To investigate the presence of protostellar candidates in the region we used data from the available MSX, 2 MASS, IRAS, and Spitzer-IRAC point source catalogs, in a region of about 10 ′ in size centered on the position of the WR star. From an original set of ∼18000 2 MASS sources, we selected those with high photometrical quality in the J, H, and K s bands. Following Comerón et al. (2005) we look for candidate YSOs using the parameter q = (J -H) -1.83 × (H -K s ). This formula allows one to discriminate between giant and main sequence stars, and sources with IR excess. Sources with q < -0.15 are classified as objects with infrared excess, revealing the presence of dusty circumstellar envelopes, i.e. candidate YSOs.
After applying this criterion, we found 39 sources with IR excess. Fig. 8 (upper panel) displays the color-magnitude (CM) diagram of these sources. The ZAMS from O3 to B5 type stars is displayed at the left of the diagram, assuming a distance of 2.0 kpc. Almost all the sources with IR excess present visual absorption larger than 10 mag. Table 3 summarizes the main parameters of these sources, i.e. galactic coordinates, designation, and J, H, and K s magnitudes.
For the case of IRAS and MSX sources, we search for candidate YSOs following the criteria of Junkes et al. (1992) and Lumsden et al. (2002) , respectively. In the case of the IRAS catalog, we do not find any sources satisfying the mentioned criteria into the selected region, while in the case of the MSX catalog, we find only one source at RA, Dec. (J2000) (Fig. 8, lower panel) , following the color criteria from Allen et al. (2004) . As expected, most of sources seem to cluster around (0,0 In Fig.7 we display the position of the candidate YSOs mentioned above. Many of them are projected outside Cloud 3, which suggests that these sources are background/foreground objects unrelated to the region of study. Among the candidate YSOs projected onto Cloud 3, 22 are 2MASS sources, while only six and four are Class I and Class II, respectively. Unlike the 2MASS sources, which are spread onto Cloud 3, Class I and Class II sources appear concentrated in two spots near RA, Dec.(J2000) = (18 h 18 m 52 s ,-11
• 38 ′ 45 ′′ ). This location is almost coincident with a region of high optical absorption and a clump of molecular gas better noticed at velocities between +33.4 and +35.2 km s −1 (see Fig. 4 ). This coincidence shows clearly that star formation is active in this region. The small value of the molecular mass (∼1600 M ⊙ ) suggests that this cloud is the remnant of a larger parental cloud that has been photoionized and dissociated by the emerging young stars. To investigate whether these candidate Class I and Class II sources may have been triggered by the expansion of the molecular gas in a "collect and collapse" scenario we applied the analytical model of Whitworth et al. (1994) . According to this model expanding nebulae compress gas between the ionization and the shock fronts, leading to the formation of molecular cores where new stars can be embedded. Using the Whitworth et al.'s formulae for the case of expanding Hii regions, we derived the time when the fragmentation may have occurred, t f rag , and the size of the Hii region at t f rag , R f rag , which are given by t frag [10 6 yr] = 1.56a 49 . Adopting 0.3 km s −1 for the sound velocity (corresponding to temperatures of 3050 K in the surrounding molecular clouds), we obtained t frag ∼ 1.2 × 10 6 yr, and R frag ∼ 15 pc. Considering that t frag and R frag are higher than the dynamical age of Cloud 3 (t dyn ∼ 1.0 × 10 5 yr; see Sect 6) and its radious (R cloud 3 ∼ 2.3 pc) we conclude that the fragmentation at the edge of Cloud 3 is doubtful. Nevertheless, the clustered aspect of these sources make them excellent candidates for investigating star formation with high angular resolution observations.
Scenario
As mentioned in Section 1.1, Gonzalez & Rosado (1984) and Esteban & Rosado (1995) (using optical lines), and Cappa et al. (2002) (using radio continuum data), explained the inner optical bright filament and its radio counterparts as the result of action of the UV field and the strong stellar winds of the star WR 113. An alternative scenario can be proposed taking into account the kinematical properties of Cloud 3, and the location of the WR star and SerOB2-1, -2, -3, -63, and -64.
Along the velocity interval from +32.5 to +36 km s −1 , WR 113 appears projected onto a region of faint molecular emission, which suggests that the star is interacting with the molecular cloud. The relatively large velocity range of Cloud 3 (∼ 7 km s −1 ) suggests that expanding motions are present in the molecular gas. The classical wind-blown expanding shell scenario predicts that the surrounding gas expands spherically around the star. Then, if the molecular emission is a twodimensional projection of an expanding spherical shell, it should appear in the data cube first as a blueshifted pole (approaching cap), then as a growing-decreasing circular ring, and finally as a redshifted pole (receding cap), with the powering star placed at the center or close to it. According to Fig. 4 , the approaching section of this shell is present, although the receding part is missed. Note also that the brightest optical ring coincides with the outer border of Cloud 3, indicating that this cloud is also being photodissociated by an external source, possibly located towards the southwest. Bearing in mind the location of SerOB-1, -2, -3, -63 and -64 (see Table 2 ) and their linear distance to Cloud 3 (1 -2 pc, taking into account a distance of 2.0 kpc), we speculate that these stars are responsible for the inner optical ring. The diffuse optical emission observed north of the bright optical ring, in the region between 18 h 18 m 50 s < RA < 18 h 19 m 20 s and -11 • 36 ′ < DEC < -11
• 40 ′ might arise from the photodissociation of the molecular gas at the surface of Cloud 3 that faces the Earth, probably at lower radial velocities (between +30 and +32 km s −1 ), since we indeed detect optical emission. The diffuse optical emission at the south of the optical rim, between -11
• 40 ′ < DEC < -11
• 42 ′ probably originates in the dissociation of the small molecular clump at RA,
, with velocities between +34.3 and +36.0 km s −1 . In Fig. 9 we present a side view of a simple sketch of the scenario proposed to explain the characteristics of the molecular and ionized gas. Cloud 3 is a half-shell which expands around CV Ser as the result of the wind mechanical energy injected into the ambient medium by the binary system. The stars SerOB2-1, -2, -3, -63, and -64, belonging to SerOB2, photodissociate and ionize the southern and central region of the outer face of Cloud 3 giving rise to the diffuse emission observed at optical wavelengths. According to this scenario, the intensity of the optical emission is expected to rise as the thickness of the emitting ionized region in the line of sight increases. Then, the maximum of the optical emission should be observed toward the edge of the molecular cloud (limb brightening), which explain the location of the inner optical ring at the southern and western borders of Cloud 3 (see Fig. 9 ). The PAH emission is originated in the PDR at the interface between the ionized and molecular gas. The UV field of CV Ser ionizes the inner face of Cloud 3, although the optical emission is probably mostly absorbed by the dust linked to the molecular gas in the line of sight.
We estimated an expansion velocity, V exp = 6 km s −1 . Similar expansion velocity values were derived for the expanding shells linked to WR stars, e.g. ∼7.4 km s −1 (Vasquez et al. (2009) , ∼9 km s −1 ), 8±1 km s −1 (Vasquez et al. (2010) ). Adopting an expansion velocity of 6 km s −1 , the dynamical age of the half-shell, according to wind blown bubble models can be calculated using t dyn = 0.5 × 10 6 × R V exp (McCray 1983; Howarth & Lamers 1999) , where R is the radius of the bubble (pc). We obtain t dyn ≈ 2 × 10 5 yr, which is in agreement, within the errors, with the dynamical age obtained by Cappa et al. (2002) using radio continuum data.
From the value of the molecular mass and the expansion velocity, we determined a kinetic energy E kin = 6×10 47 erg and a momentum P = 9. and v ∞ = 1800 km s −1 ; Smith et al. 2002) . We obtain for CV Ser a mechanical luminosity of L w ≃3.2 × 10 37 erg s −1 . Considering a lifetime for the binary system equal to the age of Ser OB2 (5 × 10 6 yr; Forbes 2000), the mechanical energy injected by the binary system into the interstellar medium is E w ≃ 5.1×10 51 erg. Thus, the energy conversion efficiency is E kin E w ∼ 0.01%. In other words, only a small fraction of the mechanical energy released by CV Ser is needed to account for the kinetic energy of the expanding molecular gas. It is useful to stress that conversion efficiencies of the order of 2-5 % were reported in interstellar bubbles (Cappa et al. 2001; Cichowolski et al. 2001 Cichowolski et al. , 2003 Cappa et al. 2009 ). Further, theoretical models and numerical simulations also suggest that in wind bubbles only a few percent of the injected mechanical energy will be converted into kinetic energy of the expanding gas (Weaver et al. 1977; Koo & McKee 1992; Arthur 2007) .
The derived values of energy conversion efficiencies are similar to estimates for other stellar wind bubbles (e.g., Cappa 2006) . They are in agreement with predictions from recent numerical simulations from Freyer et al. 2003 and (Freyer et al. 2006) . The analysis by freyer et al. takes into account the action of the stellar wind and the ionizing flux from stars of 35 and 60 M ⊙ and find that E kin E w is in the range 0.10-0.04. In addition, according to our model Cloud 3 subtends a small solid angle ( 2π) which reduces the wind mechanical energy available to it. Based on the above derived figures and considerations, the stellar winds of CV Ser are very capable of providing the kinetic energy of Cloud 3. Similarly, the momentum injected by the strong stellar wind of CV Ser to the ISM, taking into accountṀ, v ∞ for the binary system is P CVSer ≈ 2.7 × 10 5 M ⊙ km s −1 , which yields to a conversion efficiency P P CVSer ∼ 4%. The estimated value corresponds neither to the energy nor to the momentum conserving models. We believe that the existence of the aproaching molecular shell strongly affects the energy and momentum efficiencies.
Summary
With the aim of investigating the molecular gas around CV Ser and better understand the interstellar scenario in the environs of the binary system, we analysed SEST 12 CO(J = 1 − 0) (HPBW = 44 ′′ ) and (J = 2 − 1) (HPBW = 22 ′′ ) data, and complementary NANTEN 12 CO(1-0) data. The MIR data at 4.5 to 12 µm, along with Spitzer images allowed us to make a more comprehensive study of the dust around the nebula.
The more important aspects of this study can be summarized as follows:
-A molecular cloud in the velocity interval from ∼ +30 to +37 km s −1 (Cloud 3) was found to be associated with the optical ring nebula around the binary system CVSer. Morphological and kinematical properties indicate that this cloud is a half shell expanding around CVSer.
-The strong stellar winds of CV Ser are the main responsibles for shaping and for the kinematics of the molecular shell.
-The inner optical ring is placed along the outer edge of the molecular cloud. This suggests that the stars Ser OB2-1,-2,-3, -63 and -64, belonging to SerOB2 and located 1 -2 pc far from Cloud 3, ionize the outer face of the molecular cloud originating the optical ring nebula and the diffuse optical emission observed towards the center of the cloud. The observed PDR located between the molecular cloud and the ionized gas is also generated by the action of these stars.
-A collection of candidate YSOs are detected towards the molecular cloud. Two small clusters of Class I and Class II objects are projected onto a region of high optical absorption, coincident with a small clump of molecular gas, indicating that star formation is active in this region. Although analytical models indicate that a triggered star formation scenario is doubtful more studies are necessary to shed some light on this issue . Fig. 9 . Sketch of the model used to explain the characteristics of the molecular and ionized gas. 
